Introduction: The long-term prognosis of Japanese patients with Crohn's disease (CD) treated by switching anti-tumor necrosis factor-α (anti-TNFα) antibodies remains unclear. Objective: This study aimed to clarify the long-term prognosis and clinical factors that affect the long-term prognosis and outcomes of such patients. Methods: This retrospective, observational, single-center cohort study analyzed Japanese patients with CD treated by switching between infliximab and adalimumab in the Tohoku University Hospital between March 2003 and December 2017. Cumulative relapse-free survival and cumulative surgery-free survival rates were analyzed using the Kaplan-Meier method. Clinical factors that affected the long-term outcomes were identified using both a log-rank test and the Cox proportional hazards model. Results: The cumulative relapse-free survival rates were 68.6, 33.7, and 22.9% at 1, 3, and 5 years, respectively. The surgeryfree survival rates were 91.7, 75.7, and 57.4% at 1, 3, and 5 years, respectively. The cumulative relapse-free survival rate was significantly higher in the group with ileal lesions (HR = 0.12; 95% CI 0.0066-0.64, p = 0.0086), stricture (HR = 0.24; 95% CI 0.0094-0.59, p = 0.0021), and a penetrating type (HR = 0.34; 95% CI 0.14-0.84, p = 0.020). Intolerance (HR = 0.29; 95% CI 0.12-0.63, p = 0.0013) and switching after surgery (HR = 0.41; 95% CI 0.17-0.87, p = 0.019) were clinical factors that reduced the risk of recurrence. The cumulative surgery-free survival rate was significantly higher in the group that switched after surgery (HR = 0.28; 95% CI 0.074-0.91, p = 0.034) and used concomitant thiopurine (HR = 0.32; 95% CI 0.10-0.90, p = 0.030). Conclusion: We should clarify the reason for switching anti-TNFα antibodies and investigate bowel complications before switching. Surgical reset of bowel complications including stricture and fistula could reduce the risk of recurrence after switching anti-TNFα antibodies. Concomitant thiopurine administration might reduce the risk of bowel surgery after switching anti-TNFα antibodies.
Introduction
Crohn's disease (CD) is a chronic bowel inflammatory disease with repeated cycles of exacerbation and remission. CD complications include bowel stenosis, fistula, This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribution for commercial purposes as well as any distribution of modified material requires written permission. DOI: 10.1159/000504803 and perforation, which ultimately require surgical resection [1] . Anti-tumor necrosis factor-α (anti-TNFα) antibodies (biologics), such as infliximab (IFX) and adalimumab (ADA), have drastically changed the therapeutic strategy for CD due to their high induction efficacy [2, 3] . After induction of remission, these 2 biologics are also used as maintenance treatment for refractory CD with moderate to severe disease activity [2, [4] [5] [6] [7] [8] [9] [10] [11] . In Japan, induction and maintenance treatments with IFX and dose escalation of IFX were officially approved in May 2002, November 2007, and August 2011, respectively. In contrast, induction and maintenance treatments with ADA and dose escalation of ADA were also approved in October 2010 and June 2016, respectively.
Several studies have reported that, despite the use of maintenance biologics, CD relapse rates increased annually [6, 8, [12] [13] [14] [15] [16] . Those studies indicated that a loss of response (LOR = secondary failure) could occur despite appropriate administration of maintenance biologics in patients with CD. The estimated LOR rates of IFX and ADA were 13 and 20.3% per patient year, respectively [12, 13] . In case of LOR, several treatment options exist, including dose escalation, shortening of the interval of administration, and switching of biologics. In addition to the LOR, primary nonresponse and intolerance to biologics could also be causes of switching biologics. One systematic review reported that the clinical remission rate at 12 months after switching biologics ranged from 19 to 68% [17] . Another meta-analysis revealed that the remission rate after switching biologics depended on the reason the first biologics were withdrawn, such as intolerance (61%), secondary failure (45%), and primary failure (30%) [18] .
Although there are several reports in Western countries on the long-term prognosis after switching biologics, many aspects remain unknown. Furthermore, the longterm prognosis after switching biologics and the clinical factors associated with the long-term prognosis in Japanese patients with CD are unclear. The clinical [19, 20] and genetic [21] backgrounds of Asian patients with CD are different from those of patients from Western countries. Therefore, it is important to evaluate the prognosis of anti-TNFα treatments in Japanese patients. To improve the prognosis of Japanese patients with CD after switching biologics, the unknown factors described above should be clarified. Thus, in this study, we aimed to evaluate the long-term prognosis of Japanese patients with CD after switching biologics, to identify the clinical factors that affect the long-term prognosis after switching biologics, and to discuss the best optimization for switching biologics in these patients.
Materials and Methods

Study Design
This was a retrospective, observational cohort study at a single center. The study protocol was reviewed and approved by the Tohoku University Hospital Ethics Committee (2018-1-138).
Patients
We enrolled consecutive Japanese patients with CD who had a history of treatment with both IFX (Mitsubishi-Tanabe Pharma, Tokyo, Japan) and ADA (EA pharma, Tokyo, Japan) in Tohoku University Hospital between March 2003 and December 2017. We excluded patients whose medical records had incomplete data for the start or end date of using the first or second biologic and incomplete laboratory data due to start of the biologics at another hospital. CD was diagnosed via endoscopic and/or radiological and/or histological examination if the patients presented specific features including longitudinal ulcer, a cobblestone appearance, and noncaseous epithelioid cell granuloma [22] .
Protocol of Anti-TNFα Antibody Administration
Anti-TNFα antibody treatments were administered to CD patients with moderate to severe disease activity who had active luminal disease or active perianal disease. In patients with perianal fistula with abscess, drainage was performed. Anti-TNFα antibodies are not indicated for CD patients with severe strictures or internal fistulas; surgical operation was performed for such complications.
During the induction phase of IFX treatment, 5 mg/kg of IFX was administered at weeks 0, 2, and 6. Subsequently, as maintenance therapy, 5 mg/kg of IFX was administered every 8 weeks. With regard to the induction phase of ADA treatment, 160 mg of ADA was injected subcutaneously at week 0. At week 2, a dose of 80 mg was administered subcutaneously. After week 4, a dose of 40 mg was administered every 2 weeks subcutaneously. Patients who were given either biologic dose escalation were deemed to have an LOR. Ustekinumab and vedolizumab were not approved at that time.
Evaluation of the Long-Term Prognosis of Maintenance Treatment
We reviewed the medical records of all of the enrolled patients and evaluated the cumulative relapse-free survival rate (end point: clinical relapse) and the surgery-free survival rate (end point: operation) using the Kaplan-Meier method. Following the preceding study, clinical relapse was defined as the need for additional, internal treatment (e.g., steroids, thiopurine, dose escalation, or a shortened time interval of the biologics), hospitalization due to worsening of CD, or surgery. Most of the patients who were given biologics visited our hospital every month, and the disease status of the patients was assessed at that time.
Concomitant thiopurine was defined as simultaneous use of thiopurine at the start of switching biologics. Starting thiopurine after biologic administration was regarded as relapse. Thiopurines were administered at 25-50 mg/day in most of cases. Thiopurine doses were optimized by monitoring the white blood cell counts that should be adjusted within 3,000-4,000/µL. In several cases, the dose was increased to 100 mg/day. Both thiopurine and an elemental diet were continued during biologic administration unless adverse events occurred. Inflamm Intest Dis 2020;5:11-19 DOI: 10.1159/000504803
Identification of Factors Associated with Long-Term Outcomes
The association between clinical factors and long-term prognosis was analyzed using a log-rank test. The estimated clinical factors were sex, lesion location, disease behavior, switch after surgery, reason for switching biologics, concomitant thiopurine, and presence of anal lesions. Multivariate analysis was performed using the Cox proportional hazards model to identify independent risk factors that affected relapse and surgery.
Statistics p < 0.05 was considered statistically significant. All analyses were performed using JMP Pro11 software (SAS Institute, Tokyo, Japan).
Results
Patient Characteristics
In this study, we first enrolled 83 patients, 14 of whom were excluded due to issues with clinical data. Finally, long-term outcomes were analyzed in 69 cases (IFX, n = 62; 89.9%) and ADA (n = 7; 10.1%). Seventeen patients were treated with dose escalation of IFX. No patient had a shortened interval of IFX administration or dose escalation of ADA. The baseline characteristics of the patients are summarized in Table 1 . The average age at CD diagnosis was 22.5 years. The average disease duration was 13.9 years. The identified disease locations were as follows: ileal, n = 4; ileocolonic, n = 52; and colonic, n = 13. As for disease behavior, 18, 28 and 23 patients had nonstricturing/nonpenetrating, stricturing, and penetrating types. Fifty-two patients (75.4%) had anal lesions, and 47 patients (68.1%) had a history of intestinal resection. Concomitant therapies were as follows: treatment with 5-aminosalicylic acid, n = 43 (62.3%); treatment with steroids, n = 16 (23.1%); elemental diet, n = 20 (29.0%); and treatment with thiopurine, n = 29 (42.0%). Values are presented as means ± SD or numbers (%) unless otherwise stated. 5ASA, 5-aminosalicylic acid. The median duration of switching biologics after surgery was 41 days. Sixty-two patients switched from IFX to ADA, while 7 patients switched oppositely. The differences between the 2 groups (IFX to ADA and ADA to IFX) are summarized in Table 2 .
Overall Long-Term Prognosis
Of the patients, 25 had recurrence and 21 underwent bowel resection due to worsening CD during their clinical course. The rates of cumulative relapse-free survival and surgery-free survival are shown in Figure 1 . The cumulative relapse-free survival rates were 68.6, 33.7, and 22.9% at 1, 3, and 5 years, respectively. The surgery-free survival rates were 91.7, 75.7, and 57.4% at 1, 3, and 5 years, respectively.
No differences in the rates of cumulative relapse-free survival were found between the 2 groups (order of biologics use: IFX to ADA, ADA to IFX) (Fig. 2) .
Factors Associated with Long-Term Outcomes
The association between clinical factors and cumulative relapse-free survival is summarized in Table 3 . The log-rank test revealed that cumulative relapse-free survival rates were significantly higher in patients with the ileal type (vs. ileocolonic and colonic, p = 0.044) and stricturing and penetrating types (vs. nonstricturing/ nonpenetrating, p = 0.0012) and those who switched after surgery (vs. switch without surgery, p = 0.017). The differences in the Kaplan-Meier curves of the cumula-tive relapse-free survival rates of the biologics, for each clinical factor identified by log-rank test, are shown in Figure 3 . In the multivariate analysis, ileal type (HR = 0.12; 95% CI 0.015-0.98, p = 0.047), stricturing (HR = 0.24; 95% CI 0.095-0.58, p = 0.0018), penetrating (HR = 0.34; 95% CI 0.14-0.83, p = 0.018), switch after surgery (HR = 0.41; 95% CI 0.18-0.89, p = 0.025), and intolerance (HR = 0.29; 95% CI 0.13-0.66, p = 0.0032) were identified as clinical factors that reduced the risk for recurrence (Table 3) . The association between clinical factors and cumulative surgery-free survival, analyzed using the log-rank test and the Cox proportional hazard model, is summarized in Table 4 . No clinical factors affecting surgery-free survival were found using the log-rank test.
On multivariate analysis, switch after surgery (HR = 0.29; 95% CI 0.0084-0.99, p = 0.048) and concomitant thiopurine (HR = 0.32; 95% CI 0.11-0.94, p = 0.039) were also identified as clinical factors that reduce the risk for surgery.
Discussion
In this study, we investigated the long-term prognosis of Japanese patients with CD who changed their biologics due to various reasons. The cumulative relapse-free and surgery-free survival rates decreased annually. We also investigated clinical factors that affect the long-term prognosis. Multivariate analysis revealed that ileal type, stricturing and penetrating types, switch after surgery, and intolerance were clinical factors that reduced the risk for recurrence. Similarly, switching after surgery and concomitant thiopurine were detected as clinical factors that reduces the risk for resurgery.
Although several meta-analysis reports are available [17, 18] , there is little evidence regarding the long-term prognosis of patients with CD who switched their biologics for various reasons. There is only 1 case series of Japanese patients with CD who switched from ADA to IFX [23] . To our knowledge, this is the first report investigating the long-term prognosis and clinical factors that affect the prognosis after switching biologics in Japanese patients with CD.
This study showed that the cumulative relapse-free survival rates were decreased annually in patients who switched biologics as well as in biologic-naive patients. We previously reported that the cumulative relapse-free survival rate of biologic-naive Japanese patients with CD decreased annually [16] . The cumulative relapse-free sur- vival rates of biologic-naive Japanese patients with CD were 80, 54, and 39% at 1, 3, and 5 years, respectively. However, the cumulative relapse-free survival rates in this study were 68.6, 33.7, and 22.9% at 1, 3, and 5 years, respectively. As expected, our results revealed that the cumulative relapse-free survival rate of the second biologic was lower than that of the first biologic. These results were consistent with 2 systematic reviews [17, 18] . Several studies have shown that patients who have antibodies to IFX easily develop antibodies to ADA compared to patients who have no antibodies to IFX [24, 25] . More frequent development of anti-drug antibodies after switch-ing biologics is considered to be a reason for the worse result of the second biologic. In contrast, a study reported that antibodies to ADA do not cross-react with IFX [26] . Therefore, the lower development of anti-drug antibodies could be a main strategy for efficient switching of biologics. With regard to concomitant immunomodulators, a sub-analysis of the DIAMOND study revealed that higher 6-thioguanine nucleotide levels tended to be negative for anti-ADA antibodies [27] . Two other studies revealed significantly improved outcomes following combination treatment with IFX and thiopurines, both in the induction phase and in the maintenance phase [15, 28] . These studies indicated that Fig. 3 . Differences in cumulative relapse-free survival rates for each clinical factor. a The Kaplan-Meier curves show the cumulative relapse-free survival rates according to disease location. The cumulative relapse-free survival rate was significantly higher in the ileal type than in the other types. b The Kaplan-Meier curves show the cumulative relapse-free survival rates according to disease behavior. The cumulative relapse-free survival rate was significantly higher in the stricturing and penetrating type than in the nonstricturing/nonpenetrating type. c The Kaplan-Meier curves show the cumulative relapse-free survival rates according to switching after surgery or not switching after surgery. The cumulative relapse-free survival rate was significantly higher in patients who switched after surgery than in those who did not. Inflamm Intest Dis 2020;5:11-19 DOI: 10.1159/000504803 concomitant thiopurine, when used with biologics, reduces anti-drug antibodies to the first biologic and contributes to the better outcomes of the second biologic. In this study, a multivariate analysis showed that concomitant thiopurine was not identified as a clinical factor that affects the longterm prognosis. We suspected that this might be due to the small number of patients, and further studies are needed to clarify this aspect.
We have also previously revealed that the cumulative surgery-free survival rate of the same group of Japanese patients with CD decreased each year [16] . In the present study, the same tendency was observed in patients who switched their biologics. As expected, the cumulative surgery-free survival rate of patients who switched biologics was lower than that of biologic-naive patients. This result is thought to be associated with the reduction of the cumulative relapse-free survival rate.
Regarding the clinical factors that affect the relapsefree survival rate, the multivariate analysis in this study revealed that the ileal type, stricturing and penetrating types, switch after surgery, and intolerance were clinical factors that reduced the risk of recurrence. The switch after surgery and intolerance are thought to reduce the risk for recurrence, as surgery can be performed to reset the bowel condition with resection of the complicated bowel, such as stricturing and penetrating, decreasing the effect of biologics. A meta-analysis revealed that intolerance cases had a lower recurrence rate than primary and secondary failure cases [18] . However, it seems to be paradoxical that the ileal type and stricturing and fistula types reduce the risk of recurrence. We assumed that CD patients with ileal lesions including stricturing and penetrating lesions would possibly develop bowel complications which would ultimately require bowel resection. Such patients with CD who presented with reset bowel lesions, which could decrease the effect of biologics, showed favorable results. Therefore, the results that were obtained appeared to be paradoxical. Furthermore, a hypothesis that these disease behaviors might not always be consistent during the study period could be another reason for the controversial result. Therefore, when treating patients in whom biologics showed lesser effects, we should clarify the reason for switching biologics and need to investigate bowel complications, including strictures, fistulae, and abscesses, which require surgical intestinal resection. In this study, considering the clinical factors that affect the surgery-free survival rate, the multivariate analysis revealed that the switch after surgery and concomitant thiopurine were clinical factors that reduced the risk of recurrence. Surgical intestinal resection before switching biologics was thought to reduce the risk of resurgery as it resets bowel complications. Moreover, in this study, concomitant thiopurine did not improve the relapse-free survival rate but rather improved the surgery-free rate. This discrepancy might be due to the small number of patients in this study.
This study has several limitations. First, several important clinical factors including the CD activity index and smoking habits were not known due to the retrospective design. Second, the sample size was relatively small for evaluation of other clinical factors that affect the longterm prognosis after switching biologics. Third, measurement of drug levels and anti-drug antibodies is not covered by insurance in Japan. Therefore, we were not able to measure the drug levels and anti-drug antibodies in daily clinical practice.
In conclusion, we should clarify the reason for switching and investigate bowel complications before switching biologics. Surgical reset of bowel complications, including stricturing and penetrating lesions, could reduce the risk of recurrence after switching biologics. Concomitant thiopurine administration might reduce the risk for bowel surgery after switching biologics.
